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(54) Electro-optical material-based display device 

(57) A microdisplay [30] is provided in which a dis- 
play area [16], a bonding pad [1 8] connected to the dis- 
play area [16], and a contact pad [34] operativeiy 
connected to the bonding pad [18] are all located on a 
silicon die [12]. An electrically conductive, coated glass 
[15] is located over the display area [16] and is electri- 



cally connected to the contact pad [34] by a flexible con- 
ductive material [36]. Under the coated glass [1 5] is a 
material [24] which responds to electricity to control the 
transmission or emission of light. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application contains subject 
matter related to a copending U.S. Patent Application by 
Richard C. Walker, Travis N. Blalock, and Neela B. Gad- 
dis entitled "ELECTRO-OPTICAL MATERIAL-BASED 
DISPLAY DEVICE HAVING ANALOG PIXEL DRIV- 
ERS" filed on April 30, 1 998, which is identified by Serial 
No. 09/070,487, assigned to Hewlett-Packard Com- 
pany, and hereby incorporated by reference. 
[0002] The present application further contains 
subject matter related to a copending U.S. Patent Appli- 
cation by Travis N. Blalock, Neela B. Gaddis, and Rich- 
ard C. Walker entitled "ANALOG PIXEL DRIVE 
CIRCUIT FOR AN ELECTRO-OPTICAL MATERIAL- 
BASED DISPLAY DEVICE", which is identified by Serial 
No. 09/070,669, assigned to Hewlett-Packard Com- 
pany, and hereby incorporated by reference. * 

TECHNICAL FIELD 

[0003] The present invention relates generally to 
video and graphics display devices, and more particu- 
larly to microdispiays using liquid crystal materials on 
silicon. 

BACKGROUND OF THE INVENTION 

[0004] The technology of using liquid crystal mate- 
rials in microdispiays is relatively new. The liquid crystal 
material, which forms the optical component of the 
microdisplay, is placed directly on top of a silicon inte- 
grated circuit, or pixel array, and the signals to turn the 
individual picture elements, or pixels, of the microdis- 
play on and off are generated on the silicon integrated 
circuit. 

[0005] The term "microdisplay" is used since the 
display in a typical embodiment has an array of 1 ,024 x 
768 pixels (the individual pixel size is approximately 
12u.) and the silicon die is about 1.3 cm x 1 cm in area. 
[0006] The microdisplay works by having an illumi- 
nator, which converts non-polarized light from an ordi- 
nary light source into a polarized light beam onto the 
microdisplay. The microdisplay will reflect the light in a 
manner such that the plane of polarization of the light 
will or will not be rotated. The light then passes back to 
the illuminator which acts as an analyzer and causes 
the pixels to be bright or dark depending on whether the 
plane of polarization was rotated. Above the illumina- 
tor/analyzer are viewing optics which form the image. 
[0007] Applications for these microdispiays con- 
tinue to expand. In one application, they are used for 
viewfinders for digital cameras and camcorders. In 
another, two microdispiays are fixed to a frame, such as 
eyeglasses, thereby giving a user a virtual image of a 
virtual computer screen which is very lightweight and 



also very private. 

[0008] Another application is in projection monitors 
for use in conference rooms. Since the microdisplay is 
reflective, high intensity light can be used to illuminate 
5 the microdisplay and, by using projection optics, an 
image of the microdisplay can be projected onto a large 
screen. 

[0009] In the manufacturing process, the silicon die 
which contains the finished circuitry is sent through the 

10 following steps. An adhesive sealant ring, which will act 
to contain the liquid crystal material, Is placed around 
the pixel array in a display area. Immediately after the 
ring is deposited, a conductively coated glass is placed 
on top of the ring thereby forming a chamber to hold the 

15 liquid crystal material. The coating on the glass is gen- 
erally indium tin oxide (ITO) because it is highly conduc- 
tive at thicknesses which render it transparent in the 
visible spectrum. The coating is on the surface of the 
glass in contact with the liquid crystal material and 

20 forms an electrically conductive, but transparent, com- 
mon electrode. The common electrode forms the elec- 
trical cell which forms the image in conjunction with the 
display area and the liquid crystal material. 
[0010] Following the adhesion of the coated glass 

25 on top of the silicon die by virtue of the adhesive sealant 
ring, the liquid crystal material is introduced into the 
space between the glass and the silicon die. Following 
this, a mechanical contact is made to the coated surface 
of the glass. The mechanical contact is necessary to 

30 provide the common electrode bias to the coated glass. 
The glass and the silicon die have to be physically offset 
so that a mechanical contact can be made to the coated 
surface of the glass by using a mechanical clip. This is a 
disadvantage in manufacturing because it makes it diffi- 

35 cult to cleanly scribe and break off the silicon die from 
the silicon wafer on which the microdispiays are being 
manufactured in volume. Following the separation into 
an individual microdisplay device, the microdisplay is 
placed in a display-utilizing device and bonding wires 

40 are connected to the bonding pads from the display-uti- 
lizing device. 

[0011] Even more recently, microdispiays have 
been made where light emitting diodes are deposited on 
top of the pixel array in place of the liquid crystal mate- 

45 rial. This emissive display also has the same problem- 
atic requirement for a transparent common electrode. 
Since these microdispiays are made in tremendous vol- 
umes, even slight cost reductions result in savings of 
significant sums of money. Thus, there is a continuous 

so struggle to reduce costs and simplify manufacturing. 

DISCLOSURE OF THE INVENTION 

[0012] The present invention provides a microdis- 
55 play in which a display area, a bonding pad connected 
to the display area, and a contact pad operatively con- 
nected to the bonding pad are all located on a silicon 
die. An electrically conductive, coated glass is located 
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over the display area and is electrically connected to the 
contact pad by a flexible conductive material. This 
approach eliminates a mechanical contact clip and 
allows the coated glass to be flush with the scribe and 
break line of the silicon die which was required with the 
prior art microdisplay. Under the coated glass is a mate- 
rial which responds to electricity to control the transmis- 
sion or emission of light 

[0013] The present invention further provides a 
microdisplay that has the circuitry located on the silicon 
die necessary to generate the common electrode bias 
to drive the electrically coated glass portion of the 
microdisplay. Thus, the common electrode bias genera- 
tor no longer needs to be on or in a separate component 
from the microdisplay. The contact between the com- 
mon electrode bias generator and the electrical coating 
is made by a contact pad and a flexible electrical con- 
ductor. This promotes greater integration at the micro- 
display. 

[0014] The present invention further provides a 
microdisplay which eliminates the need for mechanical 
fasteners, and also the need to have a glass overhang 
which interferes with separation of the silicon die from 
the silicon wafer in which it is processed. 
[0015] The above and additional advantages of the 
present invention will become apparent to those skilled 
in the art from a reading of the following detailed 
description when taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

FIG. 1 (PRIOR ART) is a top view of a prior art 
microdisplay; 

FIG. 2 (PRIOR ART) is a cross-sectional view of the 
microdisplay taken along the line 2 - - 2 of FIG. 1 
(PRIOR ART); 

FIG. 3 is a top view of a microdisplay of the present 
invention; and 

FIG. 4 is a cross-sectional view of the microdisplay 
taken along the line 4 - - 4 of FIG. 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] Referring now to FIG. 1 (PRIOR ART) and 
FIG. 2 (PRIOR ART), therein is shown a microdisplay 
10 manufactured on a silicon die 12. Disposed over the 
silicon die 12 is a transparent glass 14. A display area 
16 made up of an array of pixels is disposed on the sili- 
con die 12 and is electrically connected to bonding pads 
1 8. The display area 1 6 is surrounded by an adhesive 
sealant, or ring 20, which has an opening 21. 
[0018] Referring now to FIG. 2 (PRIOR ART), 
therein is shown a cross section of FIG. 1 (PRIOR ART) 
along the line 2 - - 2. The glass 14 is coated with an 
electrically conductive coating 22, which may be indium 



tin oxide (ITO). In the space defined by the silicon die 12 
and the glass 1 4 and bounded by the ring 20 to form a 
chamber 23 is a material which responds to the local 
electric field. One such electrically responsive material 
5 is a liquid crystal material 24. The liquid crystal material 
24 is sealed into the chamber 23 by additional glue 
applied at the opening 21 . 

[0019] A contact clip 26 is shown on the overhang- 
ing edge of the glass 14 in electrical contact with the 

w electrically conductive coating 22. The contact chip 26 
is held on to the glass 14 by spring action and is con- 
nected by a wire 27 at the top to a common electrode 
bias generator (not shown) on or in a separate electrical 
component (not shown). 

15 [0020] A bonding wire 28 connects the bonding 
pads 1 8 to a display-utilizing device (not shown) such as 
a digital camera, camcorder, virtual image device, pro- 
jection monitor, etc. 

[0021] Referring now to FIG. 3 and FIG. 4, therein is 
20 shown the microdisplay 30 of the present invention with 
the same elements as in FIG. 1 (PRIOR ART) and FIG. 
2 (PRIOR ART) shown with the same numbers. The sil- 
icon die 12 has a transparent cover, such as glass 15. 
The display area 1 6 on the silicon die 1 2 is also accom- 
25 panied by a common electrode bias generator 32, which 
is electrically connected to a contact pad 34 on the sili- 
con die 1 2. When the ring 20 is deposited on the silicon 
die 12, a flexible conductive material 36 is also depos- 
ited. The flexible conductive material 36 can be a bead 
30 of conductive adhesive, elastomer, grease, etc. which 
will match the thickness of the ring 20 and provide a 
flexible, positive electrical contact between the silicon 
die 12 and the electrically conductive coating 22 on the 
glass 1 5. 

35 [0022] In the past, a silicon wafer (not shown) was 
processed using conventional semiconductor wafer 
processing technology to form a plurality of display 
arrays, such as the display area 16. During the semi- 
conductor manufacturing process, the display area 1 6 

40 was connected to a plurality of bonding pads 18. While 
a part of the silicon wafer, the ring 20 was placed on the 
silicon die 1 2 around the display area 1 6 with an open- 
ing 21 at one side. The glass 14 with the electrically 
conductive coating 22 facing the display area 16 was 

45 placed over the ring 20 and bonded to the semiconduc- 
tor wafer. The electrically conductive coating 22 is gen- 
erally of indium tin oxide (ITO) because this material is 
both a good conductor and can be deposited in a thick- 
ness which is optically transparent. 

so [0023] After bonding the glass 14 to the semicon- 
ductor wafer, the semiconductor wafer was scribed and 
broken to form the silicon die 12 with each silicon die 12 
holding one display area 16. 

[0024] The chamber 23 above the display area 16 
55 was then filled with the liquid crystal material 24 through 
the opening 21 , and the opening 21 was then sealed by 
additional glue. 

[0025] Since the common electrode generator (not 



3 



BNSDCCID: <EP 1079258A2 1 > 



5 EP 1 C 

shown) is on or in a separate electrical component from 
the microdisplay 10, it is necessary to use the contact 
clip 26 to provide an electrical connection to the electri- 
cally conductive coating 22. In order to place this con- 
tact clip 26 on the glass 1 4, it was necessary that the 
glass 14 overhang the silicon die 12; i.e., only the sides 
of the glass 1 4 are flush with the sides of the silicon die 
12. It was this overhang which made scribing and 
breaking the silicon die 12 from the silicon wafer so dif- 
ficult that many of the silicon die 12 broke in the wrong 
places and had to be rejected. 

[0026] When the microdisplay 10 was placed in a 
digital camera or camcorder, bonding wires 28 were 
affixed to the bonding pads 18 to provide signals for the 
display area 1 6. 

[0027] It should be noted that making a durable and 
reliable mechanical contact to the glass 14 is extremely 
difficult because the glass 14 is extremely thin and small 
for a microdisplay 1 0 which is approximately 1 .3 cm x 1 
cm. Because it is difficult to make good mechanical con- 
tact to glass, the clip 26 added considerably to the 
expense of the final assembly of the end product. 
[0028] In the present invention, the semiconductor 
wafer manufacturing process is modified slightly to add 
the additional contact pad 34. The additional contact 
pad 34 may be formed in the same step in which the 
bonding pads 1 8 are deposited. At that time, the contact 
pad 34 could be operatively connected to one of the 
bonding pads 18 so that the prior art common electrode 
generator can continue to be used. This would make the 
microdisplay 30 a drop-in replacement for the microdis- 
play 10. 

[0029] In the best mode, it has been determined 
that the voltage or signal, which is necessary to place 
the electrically conductive coating 22 in an operative 
condition, is a constant bias voltage. This does not 
require complicated circuitry and is performed by a 
resistive divider using the voltages which drive the dis- 
play area 1 6. At the same time, when a time-varying but 
deterministic bias is desired, this could also be provided 
with significant cost savings by somewhat more com- 
plex integrated circuitry. Thus, during the wafer- level 
semiconductor manufacturing process, the common 
electrode bias generator 32 is formed on and/or in the 
silicon die 12 and is connected to one of the bonding 
pads 1 8 and to the contact pad 34. This means that the 
common electrode bias generator no longer needs to be 
on a separate chip from the microdisplay. 
[0030] After the wafer-level semiconductor manu- 
facturing process is complete, the flexible conductive 
material 36 is placed on the contact pad 34, and the ring 
20 is deposited on the silicon die 12. The glass 15 is 
then placed with the electrically conductive coating 22 in 
contact with the flexible conductive material 36. This 
approach eliminates the mechanical contact clip 26 and 
allows the glass 15 to be flush with the scribe and break 
line of the silicon die 12. 

[0031] The subsequent steps for manufacturing 
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include: the glass 15 being bonded; the chamber 23 
being filled with the liquid crystal material 24; and. the 
ring 20 being closed off with additional glue. The silicon 
die 12 and the glass 15 are scribed with lines for prefer- 

5 ential breaking in a dicing process. In the present inven- 
tion, the lines are positioned so the sides and at least 
one edge of the glass 15 will be flush with the sides and 
at least one edge of the silicon die 12 after dicing as 
shown in FIG. 4. The microdisplay 30 is then ready for 

10 the bonding wires 28 to be bonded for placement in the 
desired application. 

[0032] While the present invention has been 
described in conjunction with a specific best mode, it is 
to be understood that many alternatives, modifications, 

75 and variations will be apparent to those skilled in the art 
in light of the aforegoing description. For example, 
rather than a liquid crystal display material, other electri- 
cally responsive materials could be substituted, such as 
light emissive material. Accordingly, it is intended to 

20 embrace all such alternatives, modifications, and varia- 
tions which fall within the spirit and scope of the 
included claims. All matters set forth herein or shown in 
the accompanying drawings are to be interpreted in an 
illustrative and non-limiting sense. 

25 

Claims 

1 . A display device based on an electro-optical mate- 
rial, comprising: 

30 

a semiconductor substrate (12) including an 
electrical display area (16), a bonding pad (18) 
connected to said electrical display area (16), 
and a contact pad (34) operatively connected 
35 to said bonding pad (18); 

a transparent cover (15) having an electrically 
conductive coating (22) disposed thereon; 
an electrically responsive material (24) dis- 
posed between said semiconductor substrate 
40 (12) and said transparent cover (15)over said 

electrical display area (16); and 
a conductive material (36) disposed between 
said contact pad (34) and said transparent 
cover (15) in conductive contact with said elec- 
ts trically conductive coating (22). 

2. The display device as claimed in claim 1 including: 

an adhesive (20) disposed between said semi- 
so conductor substrate (12) and said transparent 

cover (15) enclosing said electrically respon- 
sive material (24). 

3. The display device as claimed in claim 1 or 2 
55 wherein: 

said conductive material (36) is flexible. 
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4. The display device as claimed in one of the preced- 
ing claims wherein: 

said transparent cover (15) has sides and at 
least one edge flush with the sides and at least 5 
one edge of said semiconductor substrate (1 2). 

5. The display device as claimed in one of the preced- 
ing claims including: 

w 

circuitry (32) disposed in said operative con- 
nection between said contact pad (34) and said 
bonding pad (18). 

6. The display device as claimed in claim 5 wherein: is 

said circuitry (32) changes voltage from said 
bonding pad (18) to sard contact pad (34). 

7. The display device as claimed in one of the preced- 20 
ing claims including: 

a display-utilizing device; and 

conductors (28) connecting said bonding pad 

(1 8) to said display-utilizing device. 25 

8. The display device as claimed in claim 1 wherein: 

said electrically responsive material (24) is a 
liquid crystal material. 30 

9. The display device as claimed in one of the preced- 
ing claims wherein: 

said electrically responsive material (24) 35 
includes material for a light emitting diode. 
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(54) Electro-optical material-based display device 



(57) A microdisplay [30] is provided in which a dis- 
play area f 1 6], a bonding pad [1 8] connected to the dis- 
play area [16], and a contact pad [34] operatively con- 
nected to the bonding pad [1 8] are all located on a silicon 
die [12]. An electrically conductive, coated glass [15] is 



located overthe display area [1 6] and is electrically con- 
nected to the contact pad [34] by a flexible conductive 
material [36]. Under the coated glass [15] is a material 
[24] which responds to electricity to control the transmis- 
sion or emission of light. 
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